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Simple Explanation of Drawings: 

Fig. 1 is a cross sectional view of the 2-layer solid electrolyte of this invention; Fig. 
2 is an explanatory drawing of a fuel cell using the 2-layer solid electrolyte of this 
invention; Fig. 3 is a drawing comparing the properties of fuel cells using the 2-layer 
solid electrolyte of this invention and a conventional single-layer solid electrolyte. 

Detailed Explanation of Invention: 

This invention concerns a solid electrolyte which is used in fuel cells. 

Up to now, as solid electrolytes for use in fuel cells, ones using Zr0 2 as the 
principal ingredient, such as Zr0 2 -Y 2 0 3 solid solutions (referred to below as "Zr0 2 - 
based solid electrolytes") and ones using Ce0 2 as the principal ingredient, such as 
Ce0 2 -<3d 2 0 3 -MgO and Ce0 2 -Sm 2 0 3 -MgO solid solutions (referred to below as "Ce0 2 - 
based solid electrolytes") have been known. The former have the drawback that they 
have large specific resistances and cannot be used unless the temperature is high, about 
1000°C, and the latter have low specific resistances and can be used at temperatures 
around 700°C, but they have the drawbacks that they have oxygen ion transport num- 
bers which are higher than those of the former ones and the efficiencies of the fuel cells 
are reduced. 

This invention has the purpose of providing solid electrolytes for fuel cells which 
take advantage of the small specific resistance properties of Ce0 2 -based solid electro- 
lytes, but avoid the phenomenon of reduced transport numbers which is a drawback of 
these electrolytes, and operate efficiently at temperatures around 700°G 

. The solid electrolyt es of this invention are char acterized by the fact that they are 
c omposed of 2 layers, using Ce0 2 -based solid electrolytes as their bases and covering 
them with a thin layer of a solid electrolyte which is stable in reducing atmospheres. 

Ce0 2 -based solid electrolytes have a transport number of their oxygen ions of 1, in 
an oxidizing atmosphere such as oxygen or air, but when they are used in fuel cells, 
they are necessarily partially in contact with a reducing atmosphere, such as hydrogen, 



and a reaction of the form 

O 2 [crystal lattice] -» 1/2 0 2 + 2e (in crystals) .... i 

The electrons produced as a result induce an electronic conduction, and the transport 
number becomes smaller. In other words, the following phenomenon occurs. At 800°C, 
in Zr0 2 -based solid electrolytes, the electron conductivity does not become predominant 
unless the oxygen partial pressure becomes close to 1Q 30 atm; at oxygen partial pressures 
greater than this, they are substantially ion conductors. In contrast, with Ce0 2 -based 
solid electrolytes, the electron conductivity becomes larger than the ion conductivity at 
an oxygen partial pressure of about 10 20 atm. Therefore, in batteries which use Ce0 2 - 
based solid electrolytes, the open-circuit voltages are 0.80-0.90 V, lower than the theoret- 
ical value of 1.0 V . Furthermore, in CeQ 2 -based solid electrolytes, theGdXX, Sm.CL 
etc., are added in order to increase the ion conducti vity, and the addition of the MgO is 
JorAes ame reaso n, as well as the reason that it lowers the sintering temperature. How- 
ever, the drawbacks mentioned above remain. ^ ~* = 

In this invention, in order to prevent this reduction of the transport number, the 
parts of the Ce0 2 -based solid electrolyte sintered bodies which are in contact with 
reducing atmospheres are covered by a thin film of a solid electrolyte which is stable in 
reducing atmospheres, i.e., does not undergo primary reactions. This solid electrolyte of 
this invention is shown in Fig. 1. In this figure, 1 is the 2-layer solid electrolyte of this 
invention, la is a Ce0 2 -based solid electrolyte sintered body, and lb is a solid electrolyte 
thin layer which is stable in reducing atmospheres, composed of a Zr0 2 , Th0 2 , etc., 
substrate, for example, coated on this sintered body by the chemical deposition method, 
sputtering method, etc. The la side is used in an oxidizing atmosphere, and the lb side 
in a reducing atmosphere. 

The Ce0 2 -based solid electrolytes, since they have small specific resistances, do not' 
have large resistances even if they are made quite thick, in order to have mechanical 
strength; therefore, even of they are coated with a thin layer of a solid electrolyte with a 
large specific resistance, the resistance as a whole does not become large. Therefore, one 



can obtain solid electrolytes with large mechanical strengths and small electrical resis- 
tances. 

In the make-up described above, also, it is clear from the following argument that 
the resistance of the whole solid electrolyte is almost unchanged from the Ce0 2 -based 
solid electrolyte used as the substrate. 

In Fig. 1, if the specific resistance of the CeO r based solid electrolyte la is p t , the 
specific resistance of the coated solid electrolyte lb is p 2 , their respective thicknesses are 

and d 2 , the specific resistance p of the 2-layer solid electrolye 1 composed of both of 
them is given by 



P = 



Pi + 



2 J 



di + d; 



...2 



2 J 



where, since p! and p 2 are 15 Q. cm and 75 Q. cm, respectively, at about 700°C, p can be 
made almost equal to p 1 by taking d 2 sufficiently small, compared with d 1; e.g., 
d^/d^l/lOO, approximately. 

Next, this invention will be explained in detail by means of working examples. 



Working Example 1 

Seven moles cerium oxide powder (Ce0 2 ), 3 moles gadolinium oxide (Gd 2 0>), and 
0.3 mole magnesium oxide (MgO) were thoroughly mixed and molded by means of a 
press in a circular plate shape. After this, the molding was sintered in air at 1800°C, and 
a dense sintered circular plate la with a thickness of 0.04 cm was obtained. This 
product was put into a quartz tube and the tube was heated to approximately 800°C. A 
mixed (H 2 +C0 2t ) gas containing ZrCi 4 and YCl } in the ratio of 10:1 was passed through 
the tube, as a carrier gas, for approximately 10 minutes, and a Zr0 2 -Y 2 0 3 layer lb with 
a thickness of approximately 1 micron was formed on the Ce0 2 -based solid electrolyte 
sintered body to obtain a 2-layer solid electrolyte 1. 



Working Example 2 

Silver electrodes 2 and 3 were placed on both sides of the 2-layer solid electrolyte 1 
obtained in Working Example 1 by the paste method, etc., and platinum leads 4 and 5 
were connected to these silver electrodes 2 and 3 by a suitable method. This 2-layer 
electrolyte circular plate 1 with silver electrodes attached was adhered to the center of a 
heat-resistant insulating tube made of alumina, etc., to obtain a fuel cell. 

A certain part of the electrolyte circular plate 1 of the aforementioned heat- 
resistant insulating tube 6 was heated from the outside to approximately 750°C by a 
suitable heat source. Air was passed over the Ce0 2 -based solid electrolyte la side in the 
tube 6, and hydrogen was passed over the Zr0 2 -Y 2 0, solid electrolyte thin film lb side, 
as a carrier gas; the voltage-current characteristic was measured by using leads 4 and 5. 
The results are shown as curve 1 in Fig. 3. For comparison, the results of the same 
measurement performed on a fuel cell with the same structure as in Fig. 2, using a solid 
electrolyte circular plate of the conventional type, with a Ce0 2 -Gd 2 O r MgO single layer, 
are shown as curve 2. 

From this figure, it is clear that the fuel cell made with the 2-layer solid electrolyte 
of this invention has superior properties to those of the conventional fuel cell made 
with the single-layer solid electrolyte. 

Working Example 3 

While a tubular body made of a CeOj-Sm 2 0,-MgO solid electrolyte, 0.01 cm thick, 
was heated to approximately' 700°C, a mixed (H 2 +C0 2t ) gas containing Thl 4 and YC1 3 in 
the ratio of 10:1 was passed through the tube. In the same manner as in Working 
Example 1, an electrolyte tube composed of 2 layers, with a Th0 2 -Y 2 0 3 solid electrolyte 
thin film approximately 1 micron thick on the inside of the aforementioned tubular 
body, was obtained. 

Silver electrodes were adhered to the inner and outer sides of this 2-layer electro- 
lyte tube by deposition, etc., and hydrogen was allowed to flow over the inside of this 



tube, while fuel gas was allowed to flow over its outside; a fuel oil with good properties, 
as in Working Example 1, was obtained. 

As is clear from the explanation given above, fuel cells formed from the 2-layer 
solid electrolyte of this invention have smaller reductions in their oxygen ion transport 
numbers than those made with the conventional single layer solid electrolytes, and they 
operate efficiendy at suitable temperatures, about 700-900°C Therefore, they have a 
great practical effectiveness. 



Claims: 

1 A 2-layer solid electrolyte, characterized in that it uses a Ce0 2 -based solid electrolyte 
as the substrate, and a thin film of a solid electrolyte which is stable in a reducing 
atmosphere is adhered on top of it. 



Fig.l 
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